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 ABSTRACT 
The analysis of literary sources in this study showed that in order to solve the 
problem of the pressure recovery curve during hydrodynamic probe of the 
reservoir in the case of its constant porosity a number of studies were 
dedicated to the nonstationary solution of the deterministic Darcy equation 
for an unlimited reservoir or on methods of empirical or semi-empirical 
modeling for static errors, which is associated with a nontrivial 
approximation of the asymptotic part of the pressure recovery curve. 
In this study, a new method for calculating the hydrodynamic parameters of 
an oil reservoir is proposed, taking into account all the information from the 
pressure recovery curve. In contrast to the existing methods, the proposed 
model of pressure versus time adequately describes the entire pressure 
recovery curve when the well is closed, which makes it possible to fully 
evaluate the hydrodynamic parameters of the reservoir. 
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Introduction. The analysis of the properties and characteristics of an oil reservoir is based on 
an estimation of the pressure recovery curve (PRC) during the shutdown of wells operating for a 
sufficiently long time with a constant flow rate. Using the properties of HPC and the nature of the 
change curve in bottom-hole pressure versus logarithmic time,  tfP ln , its asymptotic and putting 
it as a linear function of time are estimated according to the basic characteristics models of the oil 
reservoir (coefficients of hydro-conductivity, piezo-conductivity, permeability, etc.) by model. d.). 
Two methods are used in order to determine the coefficient of productivity ( k ) or reservoir pressure in 
the unstable conditions. 
The first method is based on the determination of reservoir pressure or pressure in the supply 
circuit ( kP ) by PRC in the form of the dependence  tfP   [1]. 
The second method is based on the dependence of the downhole pressure of a stopped well on 
the logarithmic time  tfPct ln .  
Using the first method, the author of work [1] has developed mathematical models for 
describing experimental data on PRC deterministic time points, where the initial part of the curve is 
described by a third-degree polynomial and the final part (the asymptotic part of the curve) is 
approximated by a linear logarithmic dependence by using the tangent method. However, in this 
method [1] there is uncertainty in determining the length of sections and the transition point from one 
section to another. In addition, such an estimation of kP  leads to errors connected with a nontrivial 
approximation of the asymptotic part of the PRC, since asymptotic is not a logarithmic non-linear 
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function, but a non-linear function of exponential nature. Therefore, a third degree polynomial is an 
incomplete decomposition of the true, by nature, exponential dependence in a Taylor series. Moreover, 
in this work, the well shutdown time for the removal of experimental pressure curves data according to 
PRC is 15.68 days, which is an ideal case where ctP  change is almost restored to kP . In this regard, in 
the paper the following mathematical model is proposed for the processing of proper data obtained 
from the study of wells listed in Table 1: 
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where ctc PP ,0  is the bottom-hole pressure before the well stops and its current value, respectively; t  
is the current time, h ; T is the characteristic time of the PRC, determined as a result of the tangent to 
the experimental curve (Fig. 1), which is specified in the identification process of the model (1). 
Table 1. Experimental data on PRC at fluid flow rate smQ 3 /5   
Data  Measurement time, h: 
min.  
Measured pressure in the 
middle of the perforation 
interval, atm. 
Dynamic level, m  
08.03.11 11:03 89,8 2079 
08.03.11 15:07 97,5 2000 
09.03.11 11:27 110,4 1858 
10.03.11 9:52 114,0 1831 
10.03.11 15:28 117,1 1800 
11.03.11 15:38 118,0 1790 
12.03.11 16:00 119,5 1778 
13.03.11 9:00 120,0 1770 
13.03.11 16:00 121,6 1753 
14.03.11 9:10 123,5 1734 
14.03.11 16:00 123,9 1730 
15.03.11 8:50 124,1 1728 
16.03.11 8:51 124,5 1724 
 
As it is seen from the figure 1, MPaPP cc 0,30  f  ( fcP  is bottom-hole pressure at f t or 
reservoir pressure). 
Therefore, taking into account these values of formula [1], the following form is obtained: 
  > @.103333,2101087,50333,0exp10,3 5,013230 rrtPP cсt              (2) 
As follows from the proposed formula [2], the value is f t  kct PP  . 
As it is seen from Fig. 1, the approximation of experimental data according to formula [2] has 
high accuracy with a relative error of 5.1% 
12
12
ttgttg
PPitg

''  D . 
As mentioned above, the second method of determining reservoir pressure by PRC is to use 
the dependency ctP  from tln , which allows to determine not only the values of P  (or the coefficient 
of reservoir productivity), but also other characteristics of the oil reservoir.  
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Fig.1. Comparison of experimental data on PRC (points taken from Table 1. 1) with calculated values 
(solid curve) 
At the same time, using the properties of PRC and the filtration equation of a compressible 
fluid in an elastic reservoir (equation of transmissibility) in cylindrical coordinates 
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the following formula is obtained: 
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where r  is the current radius of the reservoir contour; P  is the pressure of the supply circuit at distances r 
from the well; 0сct PPP  '  is the coefficient of piezo-conductivity of the reservoir in the well area 
(averaged), m2/c;   ¸¸¹
·
¨¨©
§
 t
rE Rt 4
2
 is an integral exponential function; rr  is the reduced well radius. 
There is also a solution of equation [3] in the form of the Macket formula (2-5): 
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where b  is the volume coefficient; k  is permeability, m2; h  is the thickness of the reservoir, m; P  is 
dynamic viscosity of the reservoir fluid, Pa·c; Q  is well flow rate before stopping with a constant 
flow rate, m3/c; P'  is the increase in the bottom-hole pressure of a stopped well, Pa. 
This formula is obtained for a uniform unlimited reservoir. After some transformations, the 
Macket formula (4) is represented as a straight line, the so-called MDH formula (Miller-Deys-
Hutchinson), constructed in semi-logarithmic coordinates tP lna' [2-6], 
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here 2
25,2ln
4 Rr
t
kh
bQA F
S
P  is a section, clipped on the Y-axis, Pa; 
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P
4
 is angular coefficient. 
The geometric interpretation of formula [5] in decimal logarithms is shown in Figure 2 [5]. 
 
P, MPa 
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Fig.2. Dependency of curve ∆P on lg t: the equation of a straight line corresponds to formula (5) 
The disadvantages of the outlined methods are, firstly, that they describe only a linear section in 
semi-logarithmic coordinates or only a certain part of the entire curve [5,6] is straightened, secondly, in 
most cases, especially for wells with less yield (with a limited time to stop the well 8 days), there is no 
rectilinear section on the end part of the PRC and the restoration of bottom-hole pressure to reservoir [5]. 
In addition, as mentioned in [6], when applying existing methods, the very inverse problem of 
determining the filtration characteristics of a reservoir according to PRC turns out to be incorrectly set: 
its solutions are unstable with respect to errors that are inevitably contained in the measurements. In 
particular, the instability manifests itself in conditions of small samples, when it is possible to straighten 
only a small portion of the PRC in a semi-logarithmic coordinates. The authors of work [6] note that ... 
“very often it is also necessary to process the so-called unrestored PRC obtained in experiments that 
were interrupted for technical reasons or because of the desire to reduce oil losses due to well shutdown.” 
This is confirmed by the experimental data presented in [6] (Fig. 3) and the data from our own research, 
shown in Fig. 1. Straight l in Fig. 3 was conducted by the least squares method through a straightened 
section AB. Straight lines 2 and 3 are bounded by the area in which the straight lines are obtained from 
model samples. The position of straight line 1 shown in Fig. 3, as noted by the authors [6], is only a 
random result obtained with a given randomly implemented sampling of data. If another PRC had been 
removed, the experimental points could have been located differently due to errors, and this would lead 
to a completely different straight line. Moreover, small errors in determining ∆Р lead to significant errors 
in determining the reservoir filtration characteristics. According to [6], the variation in determining the 
hydraulic conductivity of the reservoir is 200%. 
 
Fig.3. Experimental data on PRC taken from work (6) 
'P, MPa 
'P10-5,Pa 
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The purpose of the proposed study is to develop a method for determining the filtration 
characteristics of an oil reservoir based on an adequate mathematical description of experimental data 
for PRC shown in Fig. 1 and 3. 
   > @10 lnexp  nckkct tmPPPP                                            (6) 
and on the base of this formula, the determination of reservoir characteristics (m  and n  are exponential 
coefficients). The calculated values of the curves shown in Fig. 4 and 5 are based on the indicators of the 
proposed mathematical model [6] for an adequate description of the experimental data given in Table. 2 
 
Fig.4. Comparison of the experimental pressure recovery curve (6) with the calculated values (6)  
(n = 2, m = 0.05) 
Table 2. The values of the coefficients included in equation (6) 
The number of images Indicators Pk, MPa (Pk-Pc0), MPa m n 
4 0,3 0,235 0,05 2 
5 12,5 2,85 0,02 2 
The advantage of formula (4) in comparison with the existing formulae is that it describes the 
entire PRC by a single equation. This allows to estimate the hydrodynamic properties of the oil 
reservoir without additional tangential and approximations of the quasilinear part of the curve. As 
follows from fig. 4 and 5, the proposed mathematical model has an improved structure and adequately 
describes the experimental data. 
 
Fig.5. Comparison of the experimental pressure recovery curve (Table 1. Fig. 1) with the calculated 
values (6) (n = 2, m = 0.02) 
In contrast to the existing methods, including the Horner method (3), based on the methods of tangent 
or three points, which use only the linear logarithmic section (if it exists) of the semi-logarithmic PRC to 
P(t), 
MPa 
P(t), 
MPa 
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determine the filtration characteristics of the reservoir, the average values of the reservoir hydrodynamic 
characteristics are estimated more precisely and reliably in the proposed method of the following algorithm. 
1. The derivative of ctP  from tln  is determined in the following form: 
      > @.lnexpln1
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2. By means of equation: 
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hydraulic-conductivity of [  oil reservoir is determined: 
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3. For specific data, the mean E is calculated according to the formula: 
N
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where N  is the total number of the calculated data. 
For the experimental data obtained by the authors of this study in Figure 5, where 
smQ /1079,5 35 , mh 12 , sPa /103 3 P  the followings are obtained: 
.10
941,410941,4
12
212
3
11
12
1
1
mD
бsP
smD
sPa
mi

 
 
 

  
¦[
[  
4. The average value of permeability is determined in the following form: 
mDhk 3675,1212
10310941,4 311    
P[
. 
5. The average value of piezo-conductivity coefficient is determined as follows: 
    ./198/1098,11010618,0103
3675,12 222
10103 ssmsmm
k
rfrr
  

 

 EEP
F  
where fE , rE  are the coefficients of the elastic capacity of the fluid and reservoir; rm  is the reservoir 
porosity.  
Conclusions. Analysis of existing methods showed that, using the properties of the PRC or, mainly, 
its asymptotic and adding it a linear function of time, the basic average statistical properties of the oil reservoir 
(coefficient of piezo-conductivity, permeability, hydro-conductivity) are usually estimated using the model. It 
should be noted that such an estimation of the basic properties of the oil reservoir leads to large statistical 
errors associated with a non-trivial approximation of the asymptotic part of the restored pressure curve, since 
the asymptotic is not a linear function, but a weak non-linear function of exponential nature. 
On this basis, this study proposed a method for determining the filtration parameters of an oil 
reservoir in different ways allowing to take into account the entire pressure recovery curve, for which 
a model was proposed that fully describes the dependence of pressure on time with a closed well.  
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